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INTRODUCTION 
Caves represent very specific worldwide 
environments (Lamprinou et al., 2012) and many of 
them are included in the UNESCO World Heritage 
List (Czerwik-Marcinkowska, 2013). Cave habitats are 
characterized by almost constant temperature (T) and 
relative humidity (RH) all year round. A typical cave 
can be divided into three primary zones: the entrance-, 
transition-, and a deep cave zone (Tobin et al., 2013). 
Light intensity is the major factor which determines 
whether the microbial communities of cave stone 
substratum will be autotrophic (cyanobacteria and 
algae) or heterotrophic (bacteria and fungi) (Albertano, 
2012). The above mentioned factors (T, RH, LI) 
determine which microbial communities can grow in a 
given location, but many other characteristics of caves, 
such as location, entrance dimensions, morphology, 
orientation, intrinsic substratum properties, and other 
microclimate parameters (air circulation, hydrological 
conditions, etc.) are also important (Martınez & 
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Asencio, 2010; Czerwik-Marcinkowska, 2013). 
Although caves are considered extreme environments 
with very low nutrient availability, many groups of 
organisms grow and proliferate in such conditions 
(Czerwik-Marcinkowska, 2013).  
Cave walls and ceilings can be colonized by a 
variety of microorganisms organized into sub-aerial 
biofilms (SABs) (Gorbushina & Broughton, 2009). 
Cyanobacteria, the first photosynthetic colonizers 
of many substrates, are usually the dominant 
phototrophic SAB components in caves (Smith & 
Olson, 2007). Due to the production of extracellular 
polymeric substances (EPS), cyanobacteria are 
considered to be the most important organisms to 
contribute to the genesis of these complex microbial 
communities (Cennamo et al., 2012). Fungi in cave 
habitats are generally nutrient limited, dependent 
on inputs of organic matter from the outside 
environments, and usually function as decomposers 
(Jurado et al., 2010). As well, several fungal species 
can parasitize troglobiotic invertebrates (Vanderwolf 
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were measured five times at each sampling site on the 
same day. For each parameter the mean value with 
standard error was calculated.  
Algological and mycological analyses 
Samples were taken directly from the stone substrata 
of seven sites (Fig. 1) using nondestructive adhesive 
tape method (Gaylarde & Gaylarde, 1998; Urzì & de 
Leo, 2001). Tape strips were gently applied to the 
stone surfaces, then removed, placed on microscope 
slides, and kept in sterile box for a day until the 
laboratory observation on light microscope. For more 
detailed algological analysis, samples were collected 
by scraping the biofilm with sterilized scalpel, and 
stored in labeled sterile plastic bags. Tape strips 
and scraped material were directly observed using 
the light microscope Axio-ImagerM.1 (Zeiss) with 
software Axio Vision Release 4.6. The observed algae 
and cyanobacteria were identified using the following 
literature: Komárek (2013), Komárek & Anagnostidis 
(1998) and Starmach (1972).
For mycological analysis, five samples were 
collected from each sampling site by swabbing the 
stone surfaces with sterile cotton swabs, afterwhich 
swabs were put in sterile polyethylene bags until 
laboratory processing. In the laboratory, swab 
samples were diluted in 10 ml sterile distilled water 
and shaken vigorously for 10 minutes. Aliquots of 
prepared suspension (1 ml) were inoculated on malt 
extract agar (MEA) with the antibiotic streptomycin 
added to suppress bacterial growth. Every sample 
was done in triplicate. The inoculated plates were 
then incubated in Memmert Incubator UE500 in 
dark conditions for 7 days at 25˚C. Pure cultures of 
et al., 2013).  Microbial activity of 
SAB forming microorganisms can 
lead to weathering of cave walls 
and ceilings which can manifest as 
unusual colorations on speleothems, 
precipitates, corrosion residues, 
structural changes, or the presence 
of visible biofilms (Barton, 2006).
Although Serbia has many caves, 
no studies of cave microbiota have 
been conducted. The aim of this 
study was to investigate the diversity 
of SAB forming algae, cyanobacteria 
and fungi in Božana cave in Serbia.  
CAVE DESCRIPTION 
Samples for algological and 
mycological analyses were 
collected from Božana Cave near 
Visočka banja in western Serbia 
(43˚38΄12.50΄΄N, 19˚55΄25.21΄΄E). 
This cave is not very well known 
and only the inhabitants of Visočka 
banja are familiar with its location. 
This small limestone cave has an 
opening facing southwest in front 
of which are a low-growing plants 
and scattered trees. The entrance is 
Fig. 1. Sampling sites in Božana Cave: 1) black coloured biofilm; 2) dark green coloured 
biofilm; 3, 5) yellow biofilm; 4) orange spots on the stone surface; 6) dark green coloured 
biofilm; 7) purple gelatinous biofilm. 
in the form of a triangle, 20 m wide and about 7 m 
high at the farthest point from the ground. Due to 
the wide opening, external climatic conditions greatly 
influence T and RH at the entrance zone. There is no 
water in the form of a small lake or stream, but it 
was noticed that water is constantly dripping from the 
ceiling at few places. Faunistic studies of this cave 
have not been conducted so far and nothing is known 
about the possible presence of animals. Due to the 
intensive growth of variously pigmented biofilms, the 
left side of the cave was chosen for biofilm sampling.  
MATERIAL AND METHODS 
Sampling 
Algological and mycological samples were collected 
on July 25th, 2014 between 1pm and 2pm from 
cave walls where evidence of biological colonization 
was present. Chromatic alterations, due to pigment 
production and biomass accumulation, were clearly 
visible (Fig. 1). A total of 7 sampling sites were 
chosen for algological and mycological analyses, and 
from each sampling site 5 samples were taken. The 
sampling sites 1 and 2 were located at a distance of 6 
m, while the sampling site 3 was 7 m away from the 
entrance of the cave. The other sampling sites (4, 5, 6, 
and 7) were located approximately 9 meters from the 
cave entrance, but their position was unequal due to 
the small depressions in the rock.  
Measurement of physical parameters
T (°C), RH (%) and LI (Lux) were measured using 
the EXTECH Temperature Humidity Meter and 
Velleman DMV 1300 Luxmeter. These parameters 
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20.23 ± 0.10˚C and 78.86 ± 1.65%, respectively (Table 
1). LI differed from the entrance inwards. The highest LI 
value was measured at the sampling site 1 (511 Lux), 
closest to the cave entrance, and the lowest value was at 
site 7 (123 Lux) (Table 1).  
each isolate were obtained via single spore transfer 
of primary isolates onto standard mycological media: 
MEA, potatodextrose agar (PDA), and Czapek Dox 
agar (CDA). After an incubation period of 7 days, fungi 
were identified based on colony macromorphology 
and microscopic features of fungal reproductive 
structures using a stereomicroscope (Stemi DV4, 
Zeiss) and a light microscope (Axio-ImagerM.1 (Zeiss) 
with software AxioVision Release 4.6). Fungal isolates 
were identified using the following dichotomous keys: 
Ainsworth et al. (1973), Ellis & Ellis (1997), Rapper & 
Fennel (1965), and Samson et al. (2010). 
Biofilm samples were also prepared for SEM 
observation according to (Hernández-Mariné et al., 
2004). The samples were observed using the scanning 
electron microscope TESCAN Mira3 XMU at Faculty 
of Technology and Metallurgy, University of Belgrade. 
Flat stone surfaces with minor imperfections (lower 
stone roughness, without cracks and cavities) were 
chosen for biofilm sampling for chlorophyll extraction. 
Chosen surfaces of 3.14 cm2 on each sampling site 
were labeled using the round metal matrix, carefully 
scraped and placed in a sterile polyethylene bags. 
Upon the arrival in the laboratory, samples were 
immediately prepared for the chlorophyll extraction. 
Biofilm samples were weighed in vitro, then boiled 
in 100% ethanol and vigorously homogenized for 
pigment extraction. After filtration, the absorbance of 
the filtrate was measured on the spectrophotometer 
(Cecil CE 2501) at 665 nm and 750 nm before and 
after acidification. The chlorophyll a content was 
determined using the modified standard formula for 
the chlorophyll extraction (ISO 10260:1992 (E)):  
 
µgChl a cm-2 = (A-Aa)/Kc x R/(R-1) x (103Ve)/(Vsd)
  
Table 1. Physical parameters in Božana Cave.
Fig. 2. Cyanobacteria and algae from Božana Cave walls: a) Gloeocapsa cf. lignicola – violet 
coloured sheats; b) Gloeocapsa rupicola – red coloured sheats; c) Gloeocapsa biformis – yellow 
coloration; d) Gloeothece palea; e) Gloeocapsa sp.; f) Desmococcus olivaceus; g) Nostoc 
commune, colony; h) Scytonema mirabile – false branching and heterocyst; i) Trentepohlia 
aurea – orange colour caused by accumulation of carotenoide oil globules.
where A=A665-A750 refers to the 
absorbance of extract before 
acidification; Aa=A665-A750 – absorbance 
of extract after acidification; Ve– 
volume of the extract (ml); Vs – volume 
of the filtered sample (L), in our 
case weight of the sample (kg or g); 
Kc=82 l/µg cm – specific operational 
spectral absorption coefficient for 
chlorophyll a; R=A/Aa – ratio A/Aa 
for a solution of pure chlorophyll a 
which is transferred to phaeophytin 
by acidification; d – the path length of 
the optical cell (cm); 103 –  dimensional 
factor to fit Ve.  
Statistical analysis  
Cluster analysis was used to 
estimate similarity/distance of 
the sampling sites based on the 
species composition, using software 
STATISTICA 8. 
RESULTS 
T and RH were consistent across all 
sampling sites, with average values 
A total number of 29 cyanobacterial taxa, belonging 
to the orders Chroococcales and Nostocales, and 
2 algal taxa (Chlorophyta), belonging to the orders 
Prasiolales and Trentepohliales, were documented 
from Božana cave (Table 2). Cyanobacteria were the 
dominant group of phototrophs colonizing cave walls. 
Chroococcales was the most common order with 21 
species in 8 genera: Aphanocapsa, Aphanothece, 
Chondrocystis, Chroococcidiopsis, Chroococcus, 
Gloeocapsa (Fig. 2a,b,c,e), Gloeocapsopsis and 
Gloeothece (Fig. 2d). Nostocales were also present, 
represented by the following genera: Hassalia, Nostoc 
(Fig. 2g) and Scytonema (Fig. 2h). The members of 
the order Oscillatoriales have not been documented. 
The most frequently encountered cyanobacteria 
were members of the genera Gloeocapsa (8 species), 
followed by Scytonema (6), Aphanocapsa (3) and 
Legend: T-temperature; RH-relative humidity; LI- light 
intensity
Sampling site T (˚C) RH (%) LI (LUX) 
1 20.6 ± 0.05 72 ± 3 511 ± 5
2 20.6 ± 0.12 73 ± 2 391 ± 6
3 20.1 ± 0.10 82 ± 1 321 ± 3
4 20.1 ± 0.08 81 ± 3 348 ± 2
5 20.1 ± 0.09 81 ± 1 320 ± 1
6 20.1 ± 0.17 81 ± 2 165 ± 3
7 20.0 ± 0.11 82 ± 0 123 ± 2
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The presence of algal and cyanobacterial cells 
was documented using SEM. Sampling sites 1 and 
7, where the highest and lowest LI were measured, 
respectively, had cyanobacteria which were attached to 
each other and immersed into extracellular polymeric 
substances. Coccoid forms (Chroococcales) arranged 
in clusters were the dominant cyanobacterial group at 
sampling site 7 (Fig. 3a, b), while  sampling site 1 was 
dominated by members of the order Nostocales with 
random trichome orientation (Fig. 3c, d). It is worth 
noting that the chroococcalean genera under SEM 
formed a continuous layer at sampling site 7, which 
represent members of the genus Gleocapsa, while 
heterocytous cyanobacteria, abundant in biofilm on 
site 1, probably belong to the genus Scytonema.
Chlorophyll a (Chl a) content varied between different 
sampling sites. Measured Chl a concentration ranged 
Chroococcus (3). Desmococcus olivaceus (Fig. 2f) and 
Trentepohlia aurea (Fig. 2i) were the only green algae 
documented on cave walls. The occurrence frequency 
of every recorded taxa based on the observation of 
five samples from each sampling site was also shown 
in Table 2. It was observed that biofilms with more 
weight (sampling sites: 1, 6, and 7) had a greater 
diversity of cyanobacteria and algae than biofilms 
with less weight (sampling sites: 3, 4, and 5). The color 
of different biofilm samples was due to presence of 
different species of cyanobacteria and algae (Fig. 1). For 
example, dark coloration of the biofilm on sampling 
site 1 can be ascribed to the pigment production 
of Nostoc and Scytonema species. T. aurea was the 
dominant algae at site 4, which had orange brown 
biofilm. Unidentified species of Gloeocapsa caused 
purple coloration at sampling site 7. 
1 2 3 4 5 6 7
Chlorophyta
Prasiolales
Desmococcus olivaceus (Pers. ex Ach.) J.R. Laun 4 4 5 3 5 5
Trentepohliales
Trentepohlia aurea (Linnaeus) C.F.P. Martius 3 5 3 3
Cyanobacteria 
Chroococcales
Aphanocapsa fusco lutea Hansgirg 3 3
Aphanocapsa muscicola (Meneghini) Wille 4
Aphanocapsa Nägeli sp. 2 2
Aphanothece saxicola Nägeli 2 3
Aphanothece Nägeli sp. 2 1
Chondrocystis dermochroa (Näg.) Kom. & Anag. 2
Chroococcidiopsis kashayi Friedmann 1
Chroococcus ercegovicii Kom. & Anag. 5 5 2 4 5
Chroococcus pallidus Nägeli 3
Chroococcus Nägeli sp. 2 3
Gloeocapsa atrata Kützing 2
Gloeocapsa biformis Ercegovic 4
Gloeocapsa cf. lignicola Rabenhorst 4 4
Gloeocapsa compacta Kützing 3 2 3 4
Gloeocapsa punctata Nägeli 5
Gloeocapsa rupicola Kützing 3
Gloeocapsa Kützing spp. 2 5
Gloeocapsopsis dvorakii (Nov.) Kom. & An. ex 
Kom. 3
Gloeothece cyanochroa Komárek 5
Gloeothece palea (Kützing) Nägeli 5 4
Nostocales
Hassalia byssoidea Hassal ex Bornet et Flah. 2 2
Nostoc commune Vau. ex Bor. & Flah. 4 5
Scytonema mirabile Bornet 3 3
Scytonema cf. myochrous C. Ag.  ex Bo. & Flah. 3
Scytonema drilosiphon E. & V. Poly. 3 3 3
Scytonema C.Ag. ex Bor. & Flah. spp. 4 1 1 4
Table 2. The list of the documented algal and cyanobacterial taxa in Božana Cave.
Occurence frequency: 1=20%; 2=40%; 3=60%; 4=80%; 5=100%
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present at all seven sampling sites. The highest isolation 
frequency (100%) per sampling site was documented 
for members of genera Alternaria, Aspergillus, 
Cladosporium, Epicoccum and Penicillium (Fig. 5). The 
majority of fungal isolates were ascomycetes, such as 
Alternaria, Arthrinium (Fig. 5a), Aureobasidium (Fig. 5b), 
Cladosporium (Fig. 5c) and Epicoccum. Zygomycetes 
were represented with 2 distinct MTUs of Mucor spp., 
while Pythium oligandrum was the only oomycete 
documented, but with high isolation frequency (80%) 
on sampling site 1. Torulose and branched melanized 
hyphae (Fig. 5d) of microcolonial fungi (MCF), were 
Fig. 3. SEM micrographs depicting cyanobacteria embedded in 
extracellular polymeric substance.
Fig. 4. Comparison of the Chl a concentration with light intensity (a) 
and sample weight (b).
from 0.31 µg Chl a cm-2 (sites 3 and 5) to 7.07 µg Chl 
a cm-2 (site 6).  Chl a content was positively correlated 
with biofilm weight, but was not proportional to light 
intensity (Lux) (Fig. 4). The biofilm that had the highest 
weight measured from the surface of 3.14 cm2, had 
the highest concentration of Chl a. At sampling sites 
1 and 7, even though the weight of the sample was 
significant, concentration of Chl a was lower. 
A total of 30 distinct fungal taxonomic units (MTU) 
were isolated, among which 19 were identified to 
genus or species level (Table 3). Aspergillus (5 distinct 
MTUs), Penicillium (5 distinct MTUs), Cladosporium (4 
distinct MTUs), Alternaria (3 distinct MTUs) and Mucor 
(2 distinct MTUs) were most frequently isolated and 
Fig. 5. a) Arthrinium phaeospermum – conidia in mass; b) Aureobasidium 
pullulans – arthroconidia and conidia; c) Cladosporium sphaerospermum 
– melanized conidiophores and conidia; d) Microcolonial fungus – 
torulose and branched melanized hyphae.
frequently encountered at 5 sampling sites. However, 
these fungi were not identified to species or genus 
level (Table 3).  
Cluster analysis was used to generate distances 
among the sampling sites. The samples are grouped 
into clusters according to their proximity using the 
percentage disagreement and the single linkage 
method. Similar groups have smaller, while distant 
groups have higher percent of disagreement.  
Cluster analysis of the sampling sites, based on the 
composition of the algal taxa, showed that two major 
clusters can be observed (Fig. 6a). The first cluster 
contains only sampling site 7, while the second cluster 
comprises the remaining six sampling sites. However, 
the second cluster can also be subdivided into two 
smaller clusters: one contains  sampling site 1, while 
the second contains  sampling sites 2, 3, 4, 5, and 6. 
Accordingly, the most diverse sampling site, based on 
the species composition, is sampling site 7, followed 
by sampling site 1. On the other hand, the most 
similar are sampling sites 4 and 5. Sampling site 7 was 
the most unique sampling site. It was characterized 
by the absence of Chlorophyta and the presence of 
many cyanobacteria, among which Gloeocapsopsis 
dvorakii, Gloeothece cyanochroa, Gloeocapsa 
atrata, and Gloeocapsa punctata were exclusively 
documented there (Table 2). A large diversity of 
cyanobacteria and the absence of Trentepohlia aurea 
are characteristic of sampling site 1, while the highest 
number of Nostocales was recorded at site 6. Sites 4 
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represent a major part of the biofilm communities 
(Mulec et al., 2008). Lamprinou et al. (2012) also 
reported the dominance of order Chroococcales in the 
cave entrance zone. Oscillatoriales are usually very 
abundant in cave zones with lower light intensity 
(Roldán & Hernández-Mariné 2009, Lamprinou et 
al., 2012). However, members of this order were not 
documented in Božana Cave even at the sampling 
sites with the lowest light intensities. We believe that 
some other environmental factors (air circulation, 
microhydrological conditions, etc.) suppressed this 
group of cyanobacteria. Gloeocapsa spp., the most 
frequently encountered cyanobacteria in Božana 
Cave, have also been recorded in many other caves in 
Europe. A high diversity of species in this genus was 
also recorded from Poland (Czerwik-Marcinkowska & 
Mrozińska, 2011), Spain (Martınez & Asencio, 2010), 
Slovenia (Mulec et al., 2008) and Russia (Mazina & 
Maximov, 2011), while in Greece (Lamprinou et al., 
2009), Spain (Urzì et al., 2010) and Italy (Cennamo 
et al., 2012) the diversity of Gloeocapsa spp. was 
relatively lower. Chroococcus spp. are also common 
in caves (e.g. Mulec et al., 2008; Lamprinou et al., 
2009, 2012; Martınez & Asencio, 2010; Czerwik-
Marcinkowska & Mrozińska, 2011; Cennamo et al., 
2012; Czerwik-Marcinkowska, 2013).
Nostoc spp. and Scytonema spp. are considered 
to be one of the most dominant aeroterrestrial 
cyanobacteria (Pattanaik et al., 2007). Scytonema 
1 2 3 4 5 6 7
Oomycetes
Pythium oligandrum Drechsler 4
Zygomycetes
Mucor spp. 3 2
Ascomycetes
Alternaria spp. 4 5 5
Alternaria tenuissima (Kunze) 
Wiltshire 2
Arthrinium phaeospermum (Corda) 
M.B. Ellis 1
Aspergillus spp. 5 5
Aspergillus niger Tiegh. 3 3 4 4
Aspergillus ochraceus Wilh. 3 2
Aspergillus clavatus Desm. 2 3
Aureobasidium pullulans (de 
Bary) G. Arnaud
5
Cladosporium spp. 5
Cladosporium oxysporum Berk. & 
M.A. Curtis 5 4
Cladosporium 
sphaerospermum Penz.
5 5
Epicoccum nigrum Link 4 5
Paecylomyces sp. 1
Penicillium spp. 4 4 5 5
Talaromyces sp. 1
Trichoderma virens (J.H. Mill., 
Giddens & A.A. Foster) Arx
1
Trichoderma viride Pers. 4
Unidentified fungi
Mycelia sterilia 5 5 5 5 5 5 5
Micro-colonial fungi 2 1 1 2 3
Isolation frequency: 1=20%; 2=40%; 3=60%; 4=80%; 5=100%
Table 3. Microfungi documented in Božana Cave at each of  7 sampling sites. conditions. Similar results were 
recorded by Cennamo et al. (2012). 
Light intensity gradually decreased 
from sampling sites 1 to 7, but algal 
and cyanobacterial distribution and 
diversity do not show general patterns 
in relation to this parameter (see also 
Lamprinou et al., 2012). As mentioned, 
the diversity of algae and cyanobacteria 
is positively correlated to the biofilm 
weight or biomass.  
At the cellular level, Chl a content 
increases when  light is a limiting factor 
and decreases when  light is not the 
limiting factor (Mulec et al., 2008). It 
is expected that phototrophic biofilms 
which have more weight will have 
higher biomass and Chl a concentration 
as well. Despite the significant weight 
of biofilms at sampling sites 1 and 7, 
the concentration of Chl a was lower 
due to fact that many taxa documented 
at these sites produce mucilaginous 
envelopes that retain water, which 
greatly contributes to the weight of 
the biofilm. 
Species belonging to the order 
Chroococcales were the most 
abundant cyanobacteria documented 
at all sampling sites. Coccoid forms 
are generally better adapted to lower 
light conditions than other forms of 
cyanobacteria, because they tolerate 
low irradiance more easily and as such 
and 5 were the most similar, because they both had 
two Chlorophyta documented and a low number of 
cyanobacterial taxa.
Two main clusters can be observed if we compare 
composition of the identified fungal taxa (Fig. 6b). 
The first cluster includes sampling sites 5 and 7, and 
the second major cluster is subdivided into clusters 
containing site 1, and the cluster containing sites 2, 
3, 4, and 6. Apparently, sampling sites 2 and 3 are the 
most similar. Sites 5 and 7 are characterized by the 
presence of many ascomycetes and zygomycetes that 
were not documented at other sampling sites. The 
second cluster has sampling sites with lower numbers 
of ascomycetes recorded. Also, site 1 generally differs 
from the rest of the sites due to presence of Pythium 
oligandrum.
DISCUSSION 
Temperature and relative humidity were almost 
constant at all sampling sites, presumably due to their 
proximity. While the average humidity of the majority 
of caves in Central Europe is about 85% - 95% and the 
average temperature is in the range of 5-8˚C (Czerwik-
Marcinkowska & Mrozińska, 2011), in Božana Cave, 
the temperature at all sampling sites was higher, while 
the humidity was lower. This was due to the fact that 
all sampling sites were relatively close to the entrance 
where T and RH are influenced by the outside climatic 
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from caves in Poland (Czerwik-Marcinkowska & 
Mrozińska, 2011; Czerwik-Marcinkowska 2013) 
and Czech Republic (Poulíčková & Hašler, 2007). 
Trentepohlia aurea is considered to be a very common 
taxa in cave habitats (Mulec, 2008). 
Almost all identified cyanobacterial species have 
gelatinous extracellular sheath layers of various 
thickness composed of polysaccharides (Keshari 
& Adhikary, 2013). The extracellular sheath of 
cyanobacteria plays a crucial role in adhesion to 
the substratum and also act as a water reservoir, 
thus enabling the cyanobacteria to survive drought 
periods (Macedo et al., 2009; Keshari & Adhikary, 
2013). Water-stress proteins, glycan and UVA/B-
absorbing pigments are the main components of the 
EPS of cyanobacteria (Pattanaik et al., 2007). Due 
to the presence of various pigments which represent 
adaptations to temperature, nutrient availability, 
and light intensity and quality, sheaths often have 
different colours (Macedo et al., 2009; Martınez 
& Asencio, 2010). The genus Gloeocapsa has the 
most various colorations due to the presence of a 
pigment called gloeocapsin. Another well studied 
pigment, scytonemin, causes the dark coloration of 
cyanobacterial crusts (Pattanaik et al., 2007). This 
yellow brown pigment is one of the UV absorbing 
components that accumulate in the extracellular 
sheaths of cyanobacteria upon exposure to solar 
radiation (Balskus & Walsh, 2008). Genera 
that usually dominate dark coloured crusts are 
Scytonema, Nostoc and Tolypothrix (Pattanaik et al., 
2007). It was shown on SEM micrographs (Fig. 3) that 
Nostocalean cyanobacteria belonging to the genus 
Scytonema and species from the genus Gloeocapsa 
are very abundant in biofilm at sites 1 and 7. The 
UV absorbing components mentioned above and 
EPS allow those taxa to protect themselves from UV 
radiation and desiccation, but also can protect other 
taxa in biofilm that may not exhibit those features 
(Pattanaik et al., 2007). Some cyanobacteria from 
genus Scytonema have calcified trichomes (Whitton, 
2012). In general, some algae that inhabit calcareous 
rock have the ability to deposit crystals of calcium 
carbonate (CaCO3) in their sheaths (Poulíčková & 
Hašler, 2007). Those species have been previously 
documented in cave zones with lower light intensity. 
In such conditions, biofilms become thinner and 
less mucilaginous, and taxa with calcified filaments 
survivor better than those who do not deposit CaCO3 
(Lamprinou et al., 2012).
The cave mycobiota was dominated by ascomycetes 
(e.g., Alternaria, Aspergillus, Cladosporium, Epicoccum, 
Penicillum, and Trichoderma), while the zygomycetes 
and oomycetes were less frequent. Fungi in caves 
was reviewed by Vanderwolf et al. (2013), which 
found that the most abundant fungi in cave habitats 
are Aspergillus, Penicillium, Mucor, Fusarium, 
Trichoderma, and Cladosporium. Also, Min (1988) 
found organic debris in caves are often rapidly 
covered with conidia of Aspergillus spp., Penicillium 
spp., and Mucor spp. Most of these fungal species are 
widespread and cosmopolitan saprotrophs associated 
with soil, plant material, or invertebrates and are 
spp. were also documented in caves by many 
researchers (e.g. Poulíčková & Hašler, 2007; Selvi & 
Altuner, 2007; Mulec et al., 2008; Lamprinou et al., 
2009, 2012; Martınez & Asencio, 2010; Urzi et al., 
2010; Mazina & Maximov, 2011), while Nostoc was 
recorded by Czerwik-Marcinkowska (2013), Czerwik-
Marcinkowska & Mrozińska (2011), Lamprinou et 
al. (2012), Poulíčková & Hašler (2007) and Selvi 
& Altuner (2007). The presence of heterocytous 
cyanobacterial species that fix atmospheric N2 can be 
important in nutrient poor environments (Lamprinou 
et al., 2012) as they can enable the establishment and 
development of other organisms (other cyanobacteria, 
algae, mosses, etc.) (Ortega-Calvo et al., 1995).
Alongside cyanobacteria, algae can also play an 
important role in cave ecosystems. Besides the 
colonization of various stone substrata and the 
production of pigments that are responsible for 
colored effects on rocky cave walls and erosion of 
the stone substrata, they can also serve as a food 
source for animals (Grobbelaar, 2000; Czerwik-
Marcinkowska & Mrozińska, 2009). The most 
abundant algae in Božana cave were Trentepohlia 
aurea and Desmococcus olivaceus. T. aurea has also 
been recorded in caves from Slovenia (Mulec et al., 
2008), Czech Republic (Poulíčková & Hašler, 2007), 
Poland (Czerwik-Marcinkowska & Mrozińska, 2011; 
Czerwik-Marcinkowska 2013) and Spain (Urzi et al., 
2010), while Desmococcus olivaceus was also reported 
Fig. 6. Cluster analysis for 7 sampling sites based on a) cyanobacterial 
and algal composition and b) fungal composition.
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